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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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Part 1

Part 1

t
bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

fask of technical committees is to prepare International Standards. Draft International Standar

y the technical committees are circulated to the member bodies for voting\»*Publication as
bl Standard requires approval by at least 75 % of the member bodies casting)a\wote.

shall not be held responsible for identifying any or all such patent rights.

12 was prepared by the European Committee for Standardization (CEN) Technical Commi
11, in collaboration with ISO Technical Committee TC 182, "Geotechnics, Subcommittee S{
bal investigation and testing, in accordance with the Agreement on technical cooperation betw
EN (Vienna Agreement).

consists of the following parts, under the generaltitle Geotechnical investigation and testing
g:

Dynamic probing

Standard penetration test

Meénard pressuremeter test

Flexible dilatometer test

Borehole jack test
D: Weight sounding test [Technical Specification]
1: Flat dilatometer test [Technical Specification]

D: Mechanical cone penetration test (CPTM)

Electrical

cone and piezocone penetration tests, self-boring pressuremeter test, full

pressuremeter test, and field vane test are to form the subjects of future parts 1, 6, 8 and 9.

he

ds
an

drawn to the possibility that some of the elements of this document.fmay be the subject of patent

ee
11
en

displacement
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Introduction

The mechanical cone penetration test (CPTM) consists of pushing a cone penetrometer, by means of a series
of push rods, into the soil at a constant rate of penetration. During penetration, measurements of cone

pen

etration resistance, total penetration resistance and/or sleeve friction can be recorded. The test results can

be used for interpretation of stratification, classification of soil type and evaluation of geotechnical parameters.

Cope resistance is the term used in practice; however, cone penetration resistance is a.morg accurate

des

cription of the process, and is the term used in this part of ISO 22476.

© 1SO 2009 — All rights reserved
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INTERNATIONAL STANDARD

1ISO 22476-12:2009(E)

Geotechnical investigation and testing — Field testing —

Part 12:
Mechanical cone penetration test (CPTM)
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Scope

s part of ISO 22476 specifies a mechanical cone penetration test (CPJFM), including
uirements, execution and reporting. The results from such geotechnical testing”are especially s
litative and/or quantitative determination of a soil profile — together withydirect investigations
tive comparison with other in situ tests.

e results from a cone penetration test can in principle be used to’ evaluate stratification, soi
technical parameters such as soil density, shear-strength parameters and deformation and cg
racteristics.

s part of ISO 22476 specifies the following features:

type of cone penetration test (see Table 1);

application class (see Table 2);

penetration length or penetration depth:

elevation of the ground surface or-underwater ground surface at the location of the cone peng
with reference to a datum;

location of the cone penetration test relative to a reproducible fixed location reference point.

TE The planningand evaluation of an investigation programme and the application of its results td
ered by EN 1997-1¢and EN 1997-2.

Normative references

p following referenced documents are indispensable for the application of this document.

equipment
lited to the
—orasa

type, and
nsolidation

tration test

design are

For dated

ref

prences, only the edition cited applies. For undated references, the latest edition of the

referenced

document (including any amendments) applies.

ISO 8503 (all parts), Preparation of steel substrates before application of paints and related products —
Surface roughness characteristics of blast-cleaned steel substrates

ISO 10012:2003, Measurement management systems — Requirements for measurement processes and

me

asuring equipment

© 1SO 2009 — All rights reserved
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3 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the following terms, definitions, symbols and abbreviated terms apply.

3.1 Terms and definitions

3141

average surface roughness
Ra

average deviation between the real surface of the probe and a medium reference plane placed along the
surface of fhe probe

31.2
cone
conically shaped bottom part of the cone penetrometer

NOTE When the penetrometer is pushed into the ground, the cone penetration resistance is_transferred through|the
cone by inngr rods to the measuring device at ground level.

313
cone pengtration test
CPT
pushing offa cone penetrometer at the end of a series of cylindrical pushirods into the ground at a consfant
rate of pengtration

3.1.341
electrical CPT
CPTU
cone penefration test in which forces are measured electrically in the cone penetrometer

NOTE Electrical CPT and piezocone (CPTU) tests are_ to form the subject of a future part 1 of ISO 22476.

3.13.2
mechanical CPT
CPTM
CPT wherg forces are measured mechanically or electrically at ground level

314
cone pengtrometer
assembly ¢ontaining cone, friction sleeve (optional), connection to the push rods and measuring devices|for
the determlination of the coné penetration resistance and, if applicable, the total resistance and/or local dide
friction

315
cone pen1;ration resistance

cone resisfance
resistance [fo-the penetration of the cone

3.1.6

continuous penetration testing

test method in which cone penetration resistance is measured while cone and push rods are moving
continuously until stopped for the addition of a push rod

31.7

discontinuous penetration testing

test method in which cone penetration resistance and, optionally, sleeve friction are measured during a
penetration stop of the push rods

2 © 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=2a1dfce8eb8673087776ee301d41bc45

ISO 22476-12:2009(E)

3.1.8

force acting on the friction sleeve

FS

force that will be obtained by subtracting the measured force on the cone from the measured force on the
cone and friction sleeve

31.9
friction ratio
Ry

ratio of sleeve friction to cone penetration resistance measured at the same depth, expressed as a
percentage:

Rs :&MOO%
qdc

NOJ[TE In some cases the inverse of the friction ratio, called the friction index, is used.

3.1110
frigtion reducer
local and symmetrical enlargement of the diameter of a push rod to reduce-the friction along the pugh rods

3111
frigtion sleeve
segtion of the cone penetrometer where sleeve friction is determined

3.1112

inner rods
solld rods sliding inside the push rods and transferring. the forces from the cone and, optionally, the friction
slepve, to the measuring system

31113
melasured cone penetration resistance

de
div|sion of the measured force , O, on'the cone by the cross-sectional area, 4

NOJTE The measured-¢one penetration resistance obtained from a mechanical CPT can differ from that obtained
from an electrical CPT

3.1114
measured sleeve friction

Is

for¢e , Fy/acting on the friction sleeve divided by the area of the sleeve, Aq:

fs:‘S
AS

NOTE The measured sleeve friction obtained from a mechanical CPT test can be different from the value obtained
from an electrical CPT test.

3.1.15
measured total penetration force

Ot

force needed to push cone and rods together into the soll

© 1SO 2009 — All rights reserved 3
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3.1.16

measuring system

all sensors and auxiliary parts used to transfer and/or store the signals generated during the cone penetration
test

NOTE The force on the cone and, if applicable, the total penetration resistance and/or sleeve friction are measured
with manometers or with electrical load sensors.

3.1.17

penetration depth

z

depth of the base of the cone, relative to a fixed horizontal plane

See Figurg 1.
NOTE 1 It is expressed in metres.

NOTE 2 With mechanical CPT, penetration depth cannot be determined, as there is no inclinometer measurement for
depth corregtion.

3.1.18
penetration length
l
sum of thq lengths of the push rods and the cone penetrometer, reduced\by the height of the conical part,
relative to @ fixed horizontal plane

See Figurg 1.
NOTE 1 It is expressed in metres.

NOTE 2  [The fixed horizontal plane usually corresponds with' a horizontal plane through the ground surface at|the
location of the test.

3.1.19
push rod
part of a stfing of rods for the transfer of forces to the cone penetrometer

3.1.20
thrust ma¢hine
equipment|that pushes the cone penetrometer and rods into the ground at a constant rate of penetration

NOTE The required reagtion/for the thrust machine can be supplied by dead weights and/or soil anchors.
3.1.21
total side friction force
Ost
force needpd to overcome the side friction on the push rods, when these are pushed into the ground
NOTE The total side friction force is obtained by subtracting the force on the cone (Q.) from the measured total
penetration force (Q,):

Ost= G~ O
3.1.22
zero drift

absolute difference between the zero readings of a measuring system at the start and after completion of a
cone penetration test

4 © 1SO 2009 - All rights reserved
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3.1.23
zero reading

ISO 22476-12:2009(E)

stable output of a measuring system when there is zero load on the sensor, i.e. the parameter to be measured
has a value of zero, while any auxiliary power supply required to operate the measuring system is switched on

a

/

Key

z penetration depth, m
[ penetration length, m

a Fixed horizontal plane.

b Base of the conical part of the cone

Figure 1 — Penetration length and depth

© 1SO 2009 — All rights reserved
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3.2 Symbols and abbreviated terms

A cross-sectional projected area of cone mm?
Ag cross-sectional area of friction sleeve mm?
d, diameter of cylindrical upper part of cone mm
dy diameter of friction sleeve mm
Fy axially measured force on friction sleeve kN
fs measured sleeve friction MPa
he height of conical part of cone mm
he length of cylindrical extension of cone mm
/ penetration length m

g length of friction sleeve mm
M1, M2, M@ types of cone penetrometer —
Oc axially measured force on cone kN
Ot total side friction force kN
O measured total penetration force kN
qc measured cone penetration resistance MPa
R, average surface roughness um
R¢ friction ratio %
™1 ... TM4 test methods 1 to 4 —

t time s

z penetration depth m

4 Equipment

4.1 Cone penetrometer load sensors

The cone penetrometer has no internal load sensors, as measurements are made at ground level. The axi$ of
all parts of|the cene penetrometer shall be coincident.

4.2 Tolerances

The dimensional tolerances mentioned in this clause are operational tolerances. Manufacturing tolerances
should be stricter.

The tolerance on surface roughness is a manufacturing tolerance.

© 1SO 2009 - All rights reserved
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4.3 Surface roughness

The surface roughness refers to average roughness, R,, determined by a surface profile comparator
according to 1ISO 8503 and/or equivalent standard. The intention of the surface roughness requirement is to
prevent the use of an “unusually smooth” or “unusually rough” friction sleeve. Steel, including hardened steel,
is subject to wear in soil (in particular sands) and the friction sleeve develops its own roughness with use. It is
therefore important that the roughness at manufacture approach the roughness acquired upon use. It is
believed that the surface roughness requirement will in practice usually be met for common types of steel
used for penetrometer manufacture and for common ground conditions (sand and clay).

4.4—Cone penetrometer

Ac

NO
1SQ

Oth
me

The
an(
in F
Fo

sle
cro

Thq

tording to their geometry, three types of cone penetrometer are considered:

M1  (mantle), used for measuring cone penetration resistance;

M4  (simple cone), used for measuring cone penetration resistance.

TE The M3 cone penetrometer is a type no longer used in practice andit is therefore not addressed b
22476. For continuity purposes, the relevant cone penetrometer types have'not been renamed.

er types of penetrometer, not considered in this part of dS022476, may be used, but if s
htioned in the test results, together with the type's specifications.

b geometry of the relevant penetrometers is shown ifPFigures 2, 3 and 4. The push-out positi

M4 cone penetrometers are indicated in Figures 2.and 4 by “Q.", while the M2 cone penetrom
rigure 3 has two push-out positions, indicated as-*0_." and “Q, + Og".

bve diameter. The cross-sectional area, of-the top end of the friction sleeve shall not be small
ss-sectional area of the lower end.

e moving parts of the cone penetrometer (mantle, friction sleeve) shall be clean and lubricated

engble free movement before testing.

M2  (friction sleeve mantle), used for measuring cone penetration resistancésand local side fiiction;

y this part of

b, shall be

bns for M1
bter shown

a cone penetrometer with a friction sleeve, no part of the cone penetrometer shall project beyond the

er than the

in order to
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Figure 2 — Figure 3 — Figure 4 —
M1 ¢one penetrometer M2 cone penetrometer M4 cone penetrometer
(mantle) (friction sleeve mantle) (simple cone)
45 Cone

The cones|ofM1 and M2 cone penetrometers consist of a conical part with a shoulder and an inward-tapefed
cylindrical extension. The cone of an M4 penefrometer consists of a conical part with a shoulder, which is
directly connected to the inner rods, without a cylindrical extension.

The cone shall have a nominal apex angle of 60°.

Cones with an angle between 60° and 90° are permitted for soil profiling if reported in the test report.
Interpretation of test results in terms of engineering parameters can only be performed if specific correlations
for this type of cone have been established.

The cross-sectional area of standard cones shall be 1 000 mm2, which corresponds to a diameter of 35,7 mm.

8 © 1SO 2009 - All rights reserved
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The outer diameter of the shoulder shall be within the tolerance requirement shown in Figure 5:

35,3 mm <d

. < 36,0 mm

The length of the shoulder shall be within the following tolerance requirement:

2,0mm < A, <5,0mm

e

The height of the conical section shall be within the following tolerance requirement:

24.0 mm hb 31,2 mm

The surface of the cone shall be smooth.
The cone should be manufactured to a surface roughness, R, of less than 5 ym.
The cone shall not be used if it is asymmetrically worn, even if it otherwise fulfils the'tolerance requirements.

Dimensions in millimetres

$35,3:0d 5936 ~

- L Al

rhe
\ 7 L A

<5

>h

.
>?
<312

|
V7

60° +5°

Key

minimum shape of cone-after wear
2 | maximum shape of cone

Figure 5 — Tolerance requirements for use of cone penetrometer

Depending.on ground conditions, cones with an outer diameter between 25 mm (4, = 500 mm?2) and 80 mm
(4=56027 mm?2) are permitted. In this case, the geometry of the cone shall be adjusted proportiopally to the
diameter. The geometry of the friction sleeve should be adjusted to obtain comparable results. The use of a
cone with 4. # 1 000 mm# shall be reported.

4.6 Friction sleeve
The friction sleeve shall be placed above the cone.

The nominal surface area shall be 15 000 mmZ.

© 1SO 2009 — All rights reserved 9
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The geometry and tolerances of the friction sleeve shall be within the tolerance requirements shown in

Figure 6:
dy < dy<d,+0,35 mm
and

dy < 36,1 mm

The length of the cylindrical part shall be within the following tolerance requirement:

132,5[mm < /g < 135 mm

A. surface area of\friction sleeve

length pf ffiction sleeve

132,5<(<135

<

Ag =15 000 mm?
dy>d,
dy<dy+0,35
dy < 36,1

Dimensions in millimetres

d diameter-ofcone

d, diameter of friction sleeve

Figure 6 — Tolerance requirements for friction sleeve

10
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The friction sleeve shall be manufactured to an average surface roughness, R,, of 0,4 ym £ 0,25 ym,

me

asured in the longitudinal direction.

The friction sleeve shall not be used if a visual check indicates that it is scratched, asymmetrically worn or
unusually rough, even if it otherwise fulfils the tolerance requirements.

Friction sleeves with an external diameter between 25 mm and 80 mm are permitted for special purposes if
used with cones of the corresponding diameter without the application of correction factors. The ratio of the
length and the diameter should preferably be 3,75. Ratios of 3 to 5 are allowed.

NOIE Wear of the cone can affect the measurement of sleeve friction

4.7

The
for
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The
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Thd
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Thq
the
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Thq
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If t
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4.9

Push rods

b push rods shall have the same diameter as the cone for at least 400 mm, measured ffom the
cones with a base area of 1000 mmZ2. For other cone sizes, this distance shall be scaled
portion to the diameter.

e push rods shall present no protruding parts at their inner side in order to-allow free movement
s.

b straightness of the push rods, as specified below, shall be determined at regular intervals. B
, the straightness shall be verified by one of the methods in A 1.

none of the five lower rods shall deviate more than 1 mmfrom the centreline;
the other rods shall not deviate more than 2 mm.
P requirements above are valid for 1 m long rods:If other lengths of rod are used for special purf
requirements should be adjusted accordingly.
y also be reduced by the use of contracted rods, situated at least 400 mm above the cone base.

bve ground level, the push rods should be guided by rollers, a casing or a similar device in orde
risk of buckling. The push rods:may also be guided by a casing in water or soft strata to avoid b

Inner rods
b straightness ofthe inner rods must be secured in order to allow smooth movement, W

ne rods are-not screwed together, the tip of the inner rods shall be squared (at right angles) 3
poth surface:

Measuring system

cone base
linearly in

bf the inner

efore each

oses, then

ttion along the push rods may be reduced'by a local increase in the rod diameter (friction reducer). Friction

I to reduce
ickling.

ithout any

truction, within‘the push rods. The clearance between inner rods and push rods shall be 0,5 mm to 1 mm.

nd have a

The force acting on the cone and, if applicable, the force on the cone and on the friction sleeve, as well as the
total penetration force, shall be measured by suitable devices in accordance with Table 1.

The forces measured on the cone and, if applicable, the friction sleeve during penetration are transferred by

the

inner rods to the measuring device at surface level.

© 1SO 2009 — All rights reserved
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One of the following types of measuring system (type a, b or ¢) shall be used.
a) Typea

This consists of manometers measuring the hydraulic pressures generated by the force acting on the
cone and transferred to the top of the inner rods and, if applicable, by the force on the cone and friction
sleeve, and by the total force on the push rods. The use of two significantly different ranges for
manometers simultaneously and switching frequently to the appropriate range is recommended for this
type of measuring device.

b) Typeh

This ig comprised of electrical sensors measuring the hydraulic pressures generated by the force-.acling
on thg cone and transferred to the top of the inner rods and, if applicable, by the force on thé cone and
friction) sleeve, and by the total force on the push rods.
c) Typee¢
This type comprises electrical sensors directly measuring the forces on the cone' penetrometer. The yse
of separate devices to measure the forces needed for determining cone penetration resistance, slegve
frictior] and total penetration resistance is recommended for this type of measuring system.
Independept of the measuring system used, the test results shall be directly accessible during the test.

Measured pressures and/or forces shall be recorded, and the maximum¢value for each stroke shall be stored
as a nomirjal value of the measured parameter.

4.10 Thryist machine
The equipment shall be able to penetrate the cone penetrometer at the standard rate of penetration of
(20 £ 5) min/s, and it shall be loaded or anchored in so~that movements of the thrust machine relativg to
ground leviel are limited while the penetration occurs., Hammering or rotating of the penetration rods dufing
measuremgnts is not allowed.

Required reaction (counterweight) for the thrdstmachine may be supplied by dead weight and/or soil anchqrs.

5 Test|procedures

5.1 Selégction of type of cone penetrometer test
The test prpocedure shallbe.selected from those specified in Table 1.

The test type (TM1SIM2, TM3 or TM4) shall be selected according to the relevant application class given in
Table 2.

12 © ISO 2009 — All rights reserved
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Table 1 — Types of cone penetration test

Test type Measured and derived parameters Measurement system
TM1 Cone penetration resistance and total | Electrical sensor (type ¢, see 4.9) — discontinuous
penetration resistance or cone penetration [testing
resistance and sleeve friction
TM2 Cone penetration resistance and total | Manometers or electrical sensor converting hydraulic
penetration resistance or cone penetration |pressures (types a and b, see 4.9) — discontinuous
resistance and sleeve friction testing
TM3 Cone ppnpfrafinn resistance Manometers or electrical sensor (‘nn\/prtirg hydraulic
pressures (types a and b, see 4.9) —digcontinuous
testing
TM4 Cone penetration resistance Manometers or electrical sensor-converting hydraulic

pressures (types a and b, see/4.9) —
testing

continuous

NJTE The numbers indicating cone penetration test types TM1 to TM4 do not correspond to those of cone types M1} M2 and M4

(see 4.4), nor to the numbers identifying application classes (see Table 2).

5.4 Selection of equipment and procedures

The¢ required accuracy is a function of the intended use of-the results. Application classes have been
deyeloped to give guidance on selecting the type of CPTM and.the required accuracy. The appligation class
spgcifies the type of cone penetrometer to be used and the-suggested use of CPTM results for given soil
prdfiles. The use of CPTM results is stated in terms of profiling, material identification and definition of soil
pafameters.

Equiipment and procedures shall be selected according to the required application class given in Taple 2.

© 1SO 2009 — All rights reserved 13


https://standardsiso.com/api/?name=2a1dfce8eb8673087776ee301d41bc45

ISO 2247

6-12:2009(E)

Table 2 — Application classes

L. T f con . Suggested use
Application class exzzac;i:r?t:st Allowable minimum accuracy?
P Soil type® Interpretation®
g9, 500kPa or5 %
O, 1kN 5% A F
or 0 *
5 TM1 ! g g :
Js 9S0kPa or20% '
D G, H*
I 0,2m or2%
q. 900kPa or5%
0 1kN  or5% B G, KX
6 TM2 Cc G+
fs 50kPa or20% D G,'H*
I 0,2m or2%
g9, 500kPa or5 %
T™3 0 1kN  or5% B F
7 C F*
T™M4 Js 9S0kPa or20% D) F*
I 0,2m or2%

Application ¢lasses 5 to 7 are those used for mechanical CPTM (Classes 1 to 4 are for electrical CPT/CPTU).

— Class §jis intended for the evaluation of mixed bedded soils, soil types A to D. For&oiNypes B to D, profiling, material identificaion
and indicative interpretation in terms of engineering parameters is achievable. Eor very soft layers (soil type A) only soil profiling is
possiblg. Material identification and interpretation in terms of engineering.parameters, especially for very soft layers, is gnly
possiblg if complementary and relevant geological and geotechnical information is available. Tests are to be performed with a cpne
penetrafion test type TM1.

NOTE Mixed bedded soil profiles refer to soil conditions typically, containing dense and compact soils, but possibly also $oft
layers.

— Class € is intended for the evaluation of mixed bedded soils, with soil types B to D, in terms of profiling and material identificat{on.
Evaluatfon of very soft layers is limited to detection of thesedayers. Tests are to be performed using test type TM2.

— Class 7] is intended only for indicative profiling for mixed bedded soils, soil types B to D. No interpretation in terms of matgrial
identifichtion and engineering parameters can be given*only on the basis of these test results. Tests are to be performed using fest
type TM3 or TM4.

Although elefctrical CPT is preferred to mechanical CPT, mechanical CPT can be preferable in case of risk of damage by, for example,

debris, cobbles or bedrock.

The achievaple accuracy depends also on, the“error caused by friction between inner rods and the push rods. The order of magnitudé of

this error deppends amongst others on the penetration length, the force on the inner rods and the inclination of the cone.

@8  The allgwable minimum accufaey"of the measured parameter is the larger value of the two quoted. The relative accuracy applie$ to
the medsured value and nét thé measured range.

b A Homogeneously-bedded soils (typically g, < 2 MPa).

B (lays, silts and\sands (typically 2 MPa < g <4 MPa).
C (lays, silts,-sands and gravels (typically 4 MPa < ¢, < 10 MPa).
D Jlays, silts,'sands and gravels (typically g, > 10 MPa).
¢ F Arafiling.
F* Profiling-possible-if-extra-information-is-provided
G Profiling and material identification.
G Indicative profiling and material identification.
H* Interpretation in terms of engineering parameters.
H* Indicative interpretation in terms of engineering parameters.
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If all possible sources of error are added, the accuracy of the recorded measurements shall be better than the
largest of the values given in Table 2. The inaccuracy evaluation shall include internal friction, errors in the
data acquisition, temperature (ambient and transient) effects and dimensional errors.

Me

NOTE 1

trological confirmation shall be performed according to ISO 10012.

The achievable penetration length depends on the soil conditions, the allowable penetration force, the

allowable forces on the push rods and push rod connectors, the application of a friction reducer and/or push rod casing
and the measuring range of the cone penetrometer.

NOTE 2 If the cone penetrometer types used are different from the standard types, interpretation in terms of
endineering parameters can be performed only if specific correlations for that type of cone penetrometerl have been
established.

5.3 Position and level of thrust machine

Th¢ distance between the test location and the location of previous investigation points should be gufficient to
prgvent interaction effects.

Between cone penetration tests, a distance of 1 m is sufficient. The distance™to a previous boreholg should be
at least 20 times the borehole diameter. Some borehole techniques, suéhyas air drilling, may require larger
disfances. Nearby excavations should be avoided.

The¢ thrust machine shall push the push rods so that the axis of-thie pushing force is as close to|vertical as
pogsible; the deviation from the intended axis should be less_than 2°. The axis of the penetrometer shall
correspond to the loading axis at the start of the penetration.

5.4 Preparation

If electrical sensors are used, the zero readings of-the cone penetration resistance, the penetration|length and
the| sleeve friction shall be recorded.

Prg-drilling may be used in dense, coarse.or stone-rich layers where the penetration stops. Pre-drilljng may be
used in coarse top layers, sometimes in-combination with casings, to prevent the borehole from collapsing.
5.8 Pushing of the cone penetrometer

Dufing the penetration test{ the cone penetrometer shall be pushed into the ground at a constant rate of
pemetration of (20 + 5) mm/s: The rate shall be checked regularly.

5.6 Use of friction reducer

Thée use of a friction reducer is permissible. The cone penetrometer and, if relevant, the push rod|shall have
thel same diameter for at least 400 mm, measured from the base of the cone before the introdugtion of the
friction reducer, if applicable.

ing parameters

The maximum length interval for measuring the parameters shall be 200 mm for discontinuous and 50 mm for
continuous penetration testing.

5.8 Measurement of cone penetration force for discontinuous penetration testing

Measure the cone penetration force during a stroke of the inner rods and cone of no more than

70 mm for the M1 cone penetrometer,

35 mm for the M2 cone penetrometer, and

© 1SO 2009 — All rights reserved
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— 65 mm for the M4 cone penetrometer.

Record the maximum value of the measured cone penetration force during this stroke. In the case where only
the cone penetration force and penetration length are measured, the interval may be smaller, or readings may
be continuous.

5.9 Measurement of cone penetration force for continuous testing

For continuous testing (TM4), the cone shall remain in push-out position (see Figures 2 to 4). The push-out
shall be sufficient to compensate the elastic compression of the inner rods, so that the force on the cone is

totally tran

b[MItted 10 the Inner rods.

5.10 Measurement of sleeve friction force for discontinuous testing with M2 cone

penetron

Measure tH
first stroke
during this
friction.

eters

e sum of the forces acting on the cone during a second stroke not exceeding 40'mm (following
, when cone and friction sleeve are pushed into the soil. Record the maximum measured v3
stroke. Subtract the cone penetration force from this cumulative measurement’to obtain the sle

5.11 Medsurement of total penetration force for discontinuous testing

Measure the total penetration force at the end of a joint stroke of pushrods and inner rods with a stroks

maximum

P00 mm.

5.12 Medasurement of total penetration force for continuous testing (TM4)

Measure
measuring

ne total penetration force simultaneously with the cone penetration resistance, using a separ
device.

5.13 Medasurement of the penetration length

Determine
thrust mac

For penetr

For all type
of the test.

NOTE
have been 1

During the

the level of the cone base relative-to the ground level or another fixed reference system (not
hine). The resolution of penetration length measurement shall be at least 10 mm.

ption tests of type TM1, the penetration length is measured by a sensor.

Measured parameters for a cone penetrometer with a large inclination can deviate from the values that wq
neasured if the cone penetrometer was vertical.

cone ‘\penetration test, any particularities or deviations from this part of ISO 22476 that could aff

the results

the
lue
bve

 Of

ate

the

s of penetration tests; the penetration length should be checked manually and recorded at the ¢nd

uld

ect

of the measurements and the corresponding penetration length shall be recorded.

5.14 Test completion

The penetration of the cone penetrometer and the push rods shall be terminated when

— the required penetration length has been reached, or

— theag

reed maximum thrust or maximum capacity of the measuring system has been reached.

Possible damage to the equipment may also be a valid reason to end the test.

16
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If measuring with electrical sensors, measure the zero readings of the measured parameters and record them
after completion of the test. The zero drift of the measured parameters shall be less than the allowable
minimum accuracy according to the required application class (see Table 2).

NOTE Zero drift determined from zero load output before and after testing is a measure of the correct functioning of
the equipment and is used to verify if the requirements of Table 2 have been fulfilled.

The cone penetrometer shall be inspected and any excessive wear or damage shall be recorded.

5.15 Equipment checks and calibrations

Eqiipment checks and calibrations shall be conducted in accordance with Annex A.

6 | Test results

6.1 Measured parameters

The following parameters shall be determined:
— | penetration length, /;

— | force acting on the cone, Q;

— | total penetration force, 0.

6.4 Calculated parameters

The following parameters shall be calculated:
— | force acting on the friction sleeve, Fg;

— | total side friction force, Og;

— | measured cone penetrationsesistance, q;
— | measured sleeve friction;;

— | friction ratio, R;.

7 | Reporting

7.1 General

In the presentation of test results, the information should be easily accessible, for example, presented in
tables or as a standard archive scheme. Presentation in digital form is allowed for easier data exchange.

7.2 Reporting of test results

Reporting shall be in accordance with Table 3, which specifies whether information is to be recorded in
— the field record of test results,

— the test report, or

— every table and every plot of the test results.
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The field record, completed at the project site, and the test report shall include the information specified in

Table 3. The test results shall be reported to enable a third party to check and understand the results.

Table 3 — Reporting of test results

To be reported record | report | plot

7.21 General information
a) Reference to this standard x X
b) Applicgtiorrctass <
c) Testtype (TM1, TM2, TM3 or TM4) x X X
d) Name pf the client X
e) Name pnd location of the project X
f)  Job idgntification x X x
g) Name pnd signature of equipment operator executing the test X
h) Name pnd signature of field manager responsible for the project X
i)  Particdlars or deviations from this standard x X
j)  Company executing the test x x
k) Depth fo the groundwater table (if recorded) x X
I)  Depth pf pre-drilling or trenching depth X X x
m) Description of materials encountered (if possible) x X
n) Length of penetration and possible causes of any interruptions x x
0) stqp cfiteria applied_, for example target depth, maximunipenetration force and o 9

indicat|on on deviation from the vertical
p) Method of back filling the hole, if applicable x
q) Obseryations made in the test, for example;

— presence of stones,

— npise from the pushing rods,

— incidents, x X

— buckled rods,

— apnormal wear,

— sjgnificant changes in zero readings.
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